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AND FRANK ROHTER, B.S.
In spite of the widespread clinical use of
ultraviolet irradiation, its early effects on cuta-
neous circulation are still incompletely under-
stood. We are reporting data on tissue clearance
of radioactive ions which suggests a biphasic
response of the effective circulation of human
skin following U.V. irradiation.
Conventional methods of assaying blood flow,
such as plethysmography, measure the total
blood flow to an area, but give no information
concerning the effective circulation. Since its
introduction by Kety (1), several investigators
(2, 3, 4) have used tissue clearance to estimate
the nutritional or "effective" blood flow of
various tissues under physiologic and pathologic
conditions. This technic measures the removal of
a freely diffusible radioactive ion from a local
injection site. In the present study, we de-
termined the sequential changes in clearance of
Na22 from intradermal injections at various times
after ultraviolet irradiation.
pROcEOURE
Tissue clearance determinations were made on
6 female and 9 male college students, aged 18 to
30 years. The subjects were seated with the arm
slightly above heart level to assure free venous
drainage. After 15 minutes rest in a comfortably
warm room, the medial aspect of an arm of each
subj ect was exposed to cold quartz irradiationt(principally 2537 A). The distance between the
U.V. source and the skin was maintained constant
at ¼ inch for the full exposure time in all cases.
The dose of radiation administered caused mini-
mal perceptible erythema in Caucasian subjects
beginning at about one hour.
Approximately 0.3 cc of radiosodium (Na22) in
0.05 ml of isotonic sabne was injected intra-
dermally with a 27 gauge needle. The amount of
isotope remaining at the injection site was mon-
itored for fifteen minutes with a scintillation de-
tector, pulse height analyzer and a counting rate
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meter. The values obtained at minute intervals
were corrected for background and plotted on
semi-logarithmic paper, and the clearance rate
calculated and expressed as the time required for
the corrected counting rate to fall to half of the
initial value. Tissue clearance was measured prior
to irradiation, immediately afterward, and at 1,
3, and 6 hours; all values were expressed as per-
cent of the control clearance rate.
The subjects were divided into three experi-
mental groups.
I. In the 4 subjects of the first group all de-
terminations were made in a single, exposed area,
approximately 3.0 cm2, located on the medial
aspect of the arm midway between the elbow and
axilla. Ultraviolet exposure time for this group
was 3.0 minutes. Control clearances were run on
the contralateral arm at the start and end of each
experiment.
II. The second group of five subjects were ex-
posed to 4.0 minutes of ultraviolet light at four
different sites. These were located 2.5 and 6.0
inches above the elbow on the medial aspect of
each arm. Control injections were made midway
between the irradiated areas.
III. The third group of six subjects were tested
like those in group II, except that subjects were
supine and data were obtained only in the control
and immediate post-irradiation period. This was
done to evaluate the importance of posture and to
confirm the vasoconstriction immediately after
ultraviolet exposure which had been suggested by
the data obtained from the previous groups.
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RESULTS
The results consistently show a significant
decrease in clearance immediately after exposure
to ultraviolet irradiation, followed by a return
toward control levels at one hour, when minimal
erythema became clinically apparent in all sub-
jects. Following the onset of erythema, the sub-
jects in group II showed a significantly increased
clearance suggesting hypercmia in the exchange
vessels. The clearance rate was still at this
high level 6 hours after the initial ultraviolet ex-
posure. Subjects in group T, exposed to 3.0
rather than 4.0 minutes of ultraviolet, also dem-
onstrated the immediate decrease in cutaneous
clearance, followed by a return to control levels
at one hour, but did not demonstrate a statisti-
cally significant increase at 3 or 6 hours.
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DISCUSSION
Studies of ultraviolet transmission of the
various layers of the skin have led to the im-
pression that at 2537 A, 90 per cent of the in-
cident light is either reflected or absorbed by
the epidermis (5). That 10 per cent does reach
the dermis is generally disregarded. The delayed
erythema is then classically explained as the time
needed for dilator substances to diffuse into the
dermis.
The delay before onset of erythema in our
subjects is consistent with that reported in the
literature. However, the decrease in the ex-
change of solutes in the superficial dermis im-
mediately following ultraviolet irradiation of the
skin suggests a decreased nutritional circula-
tion in the superficial dermis, before any visible
change. Approximately an hour later, clearance
returned toward control values; at 3 hours, when
erythema was clearly evident, clearance was
above normal, and remained elevated when
measured 6 hours after the original insult.
Although the ultimate effect of the U.V. in
altering blood flow clearly involves arterioles,
the anatomical site of the initial U.V. damage
invites brief speculation at this time. Possible
mechanisms for vasoactive responses to U.V.
include direct effects on dermal constituents—
either the smooth muscle or eudothelial lining of
the blood vessels, or the dermal mast cells, par-
ticularly those in close approximation to vessels.
Such direct actious are unlikely since either
would require penetration of effective doses of
thY. to dermal levels. However, the minimal
amount of radiation required to trigger the re-
sponse might be so low that even the small
fraction of the incident U.V. which reaches the
dermis could have direct effects there. There is
evidence for a direct effect of ultraviolet light
on smooth muscle to increase its tonus; an analo-
gous action on the musculature of superficial
vessels would reduce blood flow.
An alternative explanation is that lILY, ir-
radiation injures epidermal cells, which then
release one or more vasoactive principles that
diffuse to the dermal vessels. The rapid appear-
ance of the initial vasoeonstrietion would require
the release from the epidermis of a readily dif-
fusible substance, perhaps of low molecular
weight.
Several alternative hypotheses can account for
the biphasic response, eq. dual effects of a single
substance, or sequential effects of several sub-
stances. The latter argument is susggested by
the finding that U.V. acts on the Limulus heart
(5) to release both stimulator and depressor
agents, depending on the dosage.
It is not likely that simple reactive hyperemia
could account for the response, because of the
quantitative discrepancy between the initial re-
duction of blood flow and the persistent in-
crease which subsequently follows.
In view of the previously unreported findings
of decreased nutritional blood flow to the skin
immediately after ultraviolet exposure, and the
intriguing implications, we are currently extend-
ing these studies. Among the experiments under
way are: a more detailed study of the sequential
changes in cutaneous clearance following TJ.V.
exposure; skin perfusion studies to attempt col-
lection and isolation of a vasoconstrictor sub-
stance; and an investigation of differences in
vascular reactivity between chronically sun-ex-
posed skin and nonsun-exposed skin following
U.V. radiation.
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